We isolated and sequenced Ha hsp17.9, a DNA complementary (cDNA) of dry-seed stored mRNA that encodes a low-molecular-weight heat-shock protein (LMW HSP). Sequence analysis identified Ha hspl7.9, and the previously reported Ha hspl7.6, as cDNAs encoding proteins (HSP17.6 and H S P 17.9) which belong to different families of cytoplasmic LMW H S Ps. Using specific antibodies we observed differential expression of both proteins during zygotic embryogenesis under controlled environment, and a remarkable persistence of these LMW HSPs during germination. Immuno-blot analysis of HSP17.9 proteins in two-dimensional gels revealed that the polypeptides expressed in embryos were indistinguishable from LMW HSPs expressed in vegetative tissues in response to water deficit; but they appeared different from homologeous proteins expressed in response to thermal-stress. Tissue-print immunolocalization experiments showed that HSP17.9 and HSP17.6 were homogeneously distributed in every tissue of desiccation-tolerant dry seeds and young seedlings under non-stress conditions. These results demonstrate developmental regulation of specific, cytoplasmic, plant LMW HSPs, suggesting also their involvement in water-stress tolerance.
Introduction
Heat shock, as well as other stresses, induces the expression of groups of conserved genes that encode heat-shock proteins (HSPs). The stressinduced activation of HSP genes is a cellular response characteristic of most living organisms, both prokaryotic and eukaryotic [1 ] . The plant heat-shock response is characterized by the synthesis of multiple, abundant, low-molecularweight (LMW) HSPs. These proteins, with molecular sizes between 15 and 28 kDa, belong to at least four gene families, two of which (class I and class II) encode polypeptides primarily located in the cytoplasm [2] .
HSP genes are also expressed during normal development, in particular at definite stages of embryogenesis and gametogenesis. Considerable evidence for their developmental regulation has been gathered in animal systems [review in 3] .
The nucleotide sequence data reported will appear in the EMBL, GenBank and DDBJ Nucleotide Sequence Databases under the accession number Z29554.
Similar observations in plants are still scarce [reviews in 4, 5] , although there are examples showing expression of specific HSP genes during pollen development [6, 7] , fungal sporulation [8] , and in zygotic [9] [10] [11] as well as somatic embryogenesis [12, 13] . Some of these examples include LMW HSP genes [6, 7, 10, 12, 13] , but in most cases only mRNA accumulation or in vitro translation data have been reported. Use of antibodies against cytoplasmic class I LMW HSPs [ 14] has confirmed in vivo accumulation of these proteins in mature seeds from field-grown plants [ 15] . The latter observation is strongly indicative of developmental expression of these proteins during plant zygotic embryogenesis, which had been suggested by earlier studies [ 10, [16] [17] [18] .
To investigate the molecular basis of the desiccation tolerance of zygotic embryos, we have isolated and characterized cDNA clones from mRNA stored in sunflower mature (dry) seeds [10] . We found novel LMW HSP genes whose transcripts accumulate during embryogenesis [10] , in response to ABA and osmotic stress in young seedlings [10] , and in response to water stress in vegetative tissues of mature plants [19] . In a previous paper, using antibodies against the LMW HSPs encoded by seed-stored mRNAs, we demonstrated expression of homologeous HSPs in response to water stress. This expression was specific for lateral meristems in the root and stem of adult sunflower plants [19] . The water-stress response of specific LMW HSP genes could be distinguished from a heat-shock response by a distinct tissue specificity of the proteins induced by either stress [19] .
In this paper, using specific antibodies, we provide direct evidence for developmental expression of a class II LMW HSP (HSP17.9), during plant zygotic embryogenesis and in early stages of germination. We also confirm the developmental expression of sunflower HSP17.6, a class I LMW HSP. Our experiments thus independently corroborate conclusions reached in a recent report by DeRocher and Vierling [20] . In addition, we compare developmental expression of HSP17.6 and HSP17.9 proteins with expression, in vegetative tissues, of homologeous polypeptides in response to stress. We find inspring similarities and differences between the two phenomena: the water stress-induced and developmentally expressed LMW HSPs could be very similar, if not identical, polypeptides; but only in seeds and in young seedlings is their expression widespread. The latter result contrasts with the narrow tissue specificity of LMW HSPs observed in stressed, adult, vegetative tissues [ 19] . We discuss possible protective and (or) repair functions for specific LMW H S Ps during sygotic embryogenesis. These functions are deduced from a correlation between the observed protein expression patterns (this work), and the acquisition of embryo desiccation tolerance during seed development, or its loss early after imbibition of the mature seed (i.e., physiological observations reviewed in [21] ).
Materials and methods

Plant material
Sunflower (Helianthus annuus L., cv. Sunweed, Rh6ne Poulenc) was grown under controlled environment: 18-h day cycles, day temperature 20 ° C, night temperature 18 ° C, 80 ~o relative humidity. Mature seeds and staged embryos were collected, dissected and stored essentially as described [10] . Seeds were germinated either by placing them in water-soaked vermiculite or by laying them in Petri dishes between two pieces of filter paper, moistened with sterile distilled water. Seeds germinated in Petri dishes were kept in the dark at 25 °C. Seeds germinated in vermiculite were exposed to light after cotyledon expansion. Heat-shock and water-stress treatments of 4-6-week-old sunflower plants were performed as in Almoguera et al. [ 19] .
Recombinant DNA techniques, R N A hybridizations and DNA sequencing
Construction and differential screening of a sunflower dry-seed cDNA library has been described in Almoguera and Jordano [10] . Conventional molecular cloning techniques were used for purification of plasmid and phage DNA, purification and ligation of DNA fragments, and labelling of RNA and DNA probes [19, 22] . Helianthinin (HAG3), 18S rRNA, and Ha hspl7.6 probes have been described earlier [10, 19] . The Ha hspl7.9 cDNA insert (described in this work), as well as its two internal Eco RI fragments, were excised with Not I (or Eco RI) and subcloned in pBluescript SK +. The 514 bp Eco RI fragment that contains the coding region and 5' leader sequences was used to prepare Ha hspl7.9 DNA probes. Uniformly labelled RNA probes (riboprobes) complementary to hspl7.9 mRNAs were also used. The plasmid containing the 514bp Eco RI fragment was linearized with Xho I and in vitro transcribed, using T3 RNA polymerase as described in Almoguera et al. [ 19] . RNA preparation and sequential hybridization of Hybond-N filters were performed as described previously [ 19] . The nucleotide sequence of both strands of Ha hspl7.9 cDNA was obtained by dideoxy sequencing, using Sequenase (United States Biochemicals) and single-stranded DNA templates. Sequence analysis was performed with the G C G (Madison, WI) software package. Sequence comparisons were carried out as described [10] .
Protein analysis and immunodetection
Seedlings, three day after imbibition (and older), were dissected in two portions that contained the cotyledons, or the hypocotyl plus the radicle. Total protein from frozen embryos, mature seeds and seedlings, was extracted and analyzed by one-dimensional or two-dimensional gel electrophoresis and protein blotting essentially as reported [19] . To improve resolution of LMW HSPs, the SDS-PAGE gels were cast with 15~o polyacrylamide. The production and purification of the HSP17.6 and HSP17.9 antibodies, as wel as their characterization, and the experimental conditions used for the immunodetection experiments have been described in detail [ 19] .
Tissue printing
Mature dry seeds were soaked in distilled water for 2-4 h at room temperature. Once moistened, 481 and after removal of the seed coat, hand-cut sections of the embryo were printed on nitrocellulose (B45, Schleicher & Schuell) by applying them with gentle pressure. Sections from the cotyledon, hypocotyl, and primary root of three-day-old seedlings, germinated in the dark (see Plant material), were directly printed without pre-soaking. Tissue prints were stained with Ponceau S (Sigma), and processed for immunodetection [ 19] . Microphotography was performed with a Nikon SMZ-10 stereomicroscope, using Kodacolor II (100 ASA) film.
Results
Isolation of Ha hspl 7.9 cDNA and sequence analysis
Differential screening of a sunflower cDNA library [10] , using dry-seed and three-day postimbibition cDNA probes, allowed us to isolate a cDNA clone named Ha hspl7.9 (see below). This clone hybridized preferentially to the dry-seed probe (data not shown) and did not crosshybridize [ 19] with the previously isolated sunflower cDNA Ha hspl7.6 [10] . Based on its sequence (Figs. 1 and 2) and heat-shock response [19] , Ha hspl7.9 was tentatively identified as a LMW HSP and thus named accordingly (Ha, for Helianthus annuus L.).
The complete DNA sequence of Ha hspl7.9, and its corresponding predicted amino acid sequence is shown in Fig. 1 . The length of the cDNA insert (824 bp) agrees quite well with the estimated size (850 nt) of mRNAs detected in northern hybridization experiments (Fig. 3 ). This indicates that Ha hspl7.9 is essentially a full-length clone. On the cDNA sequence, we identified a putative polyadenylation signal, as well as the most likely initiation codon (Fig. 1) . Sequences in the vicinity of the latter show similarity to the plant translation initiation consensus [23] . The only plausible open reading frame (ORF) present in Ha hspl7.9 is flanked by a relatively short leader (24 nt) and a long trailer (312 nt). Translation of this ORF predicts an encoded polypep-
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~. 1. Nucleotide and predicted amino acid sequence of Ha hspl7.9 cDNA. On the mRNA strand, nucleotides matching plant initiation and polyadenylation consensus are underlined. The predicted stop codon is shown in bold ~c e on ~e amino acid sequence. The conserved LMW HSP motif GVLTV is underlined.
tide with a molecular mass of 17.9 kDa and an isoelectric point (pl) of 8.0. Its deduced amino acid sequence (Fig. 1) contains the characteristic motif GVLTV located within a conserved hydrophobic domain which is present in the carboxyterminal region of LMW HSPs ( [2, 24] ; see below).
Dry-seed-stored L M W HSP mRNAs encode putative class I and class H cytoplasmic proteins
Recently, Vierling [2] classified plant LMW HSPs into at least four families, two of which (class I and class II) encode cytoplasmic proteins. Alignment, with minimal gaps, between the predicted amino acid sequences for sunflower HSP17.9, that of previously reported HSP17.6 [10] , and other well-characterized plant LMW HSPs is shown in Fig. 2 . Sunflower HSP17.6 was found to be highly homologeous (similarity 96.1 ~/o, identity 70.1 ~o) to Arabidopsis HSP17.6 [25] , as well as to other members of class I proteins ( Fig. 2A and data not shown). Conversely, sunflower HSP17.9 showed the highest homology (similarity 95.0~o; identity 63.5~/o) to proteins such as soybean HSP17.9D [24] , belonging to class II (Fig. 2B ). Thus the two sunflower LMW HSPs could be respectively assigned to these distinct protein families. As reported for other class I and class II LMW HSPs [2] , their sequence conservation improved towards the carboxy-terminal portion of the protein (Fig. 2) . Considerably less homology was found between the two sunflower LMW HSPs (similarity 55 ~o, identity 35 ~), than between members of each class. This latter observation agrees with the previously reported specificity of antibodies prepared against each sunflower protein. The two antibodies did not crossreact [19] ; and antibodies against pea HSP18.1 [14] , another class I protein, detected Ha HSP17.6 but not Ha HSP17.9 [19] . i0  20  30  40  50  60   60  70  80  90  i00 
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Expression of sunflower LMW HSPs during zygotic embryogenesis and their persistence in early stages of germination
We first investigated the accumulation pattern of Ha hspl7.9 mRNAs during zygotic embryogenesis. Total mRNA from seedlings or staged embryos, dissected from plants grown under controlled environment, was analyzed by northern blot experiments (Fig. 3A) . Hybridization of the same filter with a seed-storage protein (Ha G3) and 18S rRNA probes was performed to verify the developmental stage of analyzed embryos, and the amount of RNA in each sample, respectively [ 10] . Ha hspl7.9 mRNAs were initially detected in embryos 8-10 days after flowering (DAF). The amount of accumulated hspl7.9 mRNAs increased during seed maturation (8-15 DAF), and reached its highest level in dry (25 DAF, and older) seeds. However, and unlike previously reported for Ha hspl7.6 mRNAs [10], we did not observe for HSP17.9 a secondary peak of accumulation coincident with maximal expression of Ha G3 during mid-maturation [26] . We also investigated the time course for disappearance of dry-seed accumulated LMW HSP mRNA during germination (Fig. 3B) . Using cDNA probes, hspl7.6 [10] and hspl7.9 homologeous mRNAs antibodies [19] against sunflower HSP17.6, and H S P 17.9, allowed us to investigate the expression of these two proteins during embryogenesis and germination. Expression of class I (HSP17.6) and class II (HSP17.9) proteins during zygotic embryogenesis, and their accumulation to high levels in dry-seeds, was confirmed with immunoblot experiments. Total protein was extracted from staged embryos, or mature seeds, and analyzed by SDS-PAGE followed by western immunodetection (Fig. 4) . We show that proteins that react with HSP17.9 antibodies appeared about 12 DAF. These proteins accumulated to higher levels later in development (12-25 DAF), once seed desiccation has started (Fig. 4A ). This expression pattern was very similar to that observed for the corresponding mRNAs (Fig. 3A) . On the other hand, proteins that reacted with HSP17.6 antibodies also accumulated to high levels in ma- were nearly undetectable 2 days post-imbibition (DPI). Most of dry seed-accumulated mRNAs was degraded during the first 1-2 days of germination. Similar results were observed with either sunflower cDNA probe (compare Ha hspl7.6 and Ha hspl7.9, Fig. 3B ). Because of complex post-transcriptional regulation of HSP genes [ 1, and data reviewed in 27], plant HSP mRNA accumulation does not always imply actual synthesis of the encoded heat-shock proteins [19] . The availability of characterized Fig. 4 . Differential developmental expression of sunflower LMW HSPs. Protein extracts isolated from staged embryos, or mature dry seeds (ds), were separated by SDS-PAGE, blotted, and probed with HSP17.9 anti-fl-galactosidase-free antisera (A) or with HSP17.6 purified antibodies (B). Reactions with the respective pre-immune antisera are shown to the right. Numbers correspond to embryo age (DAF). Ordinate, molecular size in kDa. ture seeds (Fig. 4B) ; but, in contrast to HSP17.9 ( Fig. 4A ), HSP17.6 proteins did not appear until 25 DAF, about the stage when sunflower sygotic embryos desiccate faster in the seed [28] . Thus, for HSP17.6, the accumulation of homologeous mRNAs earlier (10-15 DAF) in embryogenesis [ 10] did not result in detectable LMW HSP synthesis before 25 DAF. This result agrees with other previous observations that suggest considerable post-transcriptional regulation of sunflower hsplT.6 genes [ 19] .
We also used the HSP17.6 and HSP17.9 antibodies to investigate expression of LMW HSPs during germination of sunflower seeds. Figure 5 summarizes representative results of these experiments. In seedlings 3 DPI and older, dissection of the hypocothyl plus radicle showed that HSP 17.9 proteins are expressed in these organs at high levels, even by 5 DPI (Fig. 5A) . In cotyledons of germinating seed s, protein s immuno-reacting with H SP 17.9 antibodies are detectable until 3 DPI, at levels comparable to those present in dry seeds (Fig. 5B) . Similar results were obtained using 
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HSP17.6 antibodies, and independently of illumination conditions during germination (data not shown). The apparent molecular weight for the major protein(s) recognized by each antibody (Figs. 4 and 5) resulted in values (data not shown) very similar, or identical, to those previously found for sunflower LMW HSPs synthesized in response to water stress, and detected using the same antibodies [ 19] . This observation prompted us to further investigate the relation between some of these homologeous polypeptides, as described below.
Class H L M W HSPs expressed during seed development in sunflower plants are indistinguishable from homologeous, water stress-inducible, vegetative proteins
Most plant LMW H SP genes belong to conserved multigene families with complex expression patterns, which are result of the intrinsic genetic variability of these families, and (or) of diverse posttranslational modification of their encoded proteins [2, 24] . In a previous paper, we showed that using antibodies against seed-stored HSP17.9, we could distinguish between the immuno-reacting polypeptides that were expressed either in response to heat shock, or in response to water stress in sunflower plants. The heat-shock induced proteins were more acidic, and had lower apparent MW than the waterstress-induced proteins [ 19] . To analyze the relation of these polypeptides with HSP17.9 (class II) protein(s) expressed during embryo development and seed germination, we performed similar two-dimensional (2D) gel electrophoresis and immunoblot analyses. The result of these experiments is shown in Fig. 6 . During early embryo development, a unique polypeptide (apparent MW 21.4 kDa; pI ca. 5.9) was detected in 2D gels using HSP17.9 antibodies (Fig. 6B) . This polypeptide was also observed in protein extracts from older (25 DAF to dry seeds) embryos (data not shown). As demonstrated by mixing experiments such polypeptide (arrowed) was indistinguishable from the major protein that reacts with Fig. 6 . 2D gel analysis of the different polypeptides, detected by HSP17.9 antibodies. Proteins in extracts from 3 DPI cotyledons (A), 12 DAF embryos (B), and water-stressed (C) or heat-shock-stressed (H) sunflower stems were resolved by denaturing IEF and SDS-PAGE electrophoresis. LMW HSPs were immuno-detected after transfer to nitrocellulose membranes. Small resolution, or migration, differences observed between the individual analyses were controled by mixing experiments. Protein-extract mixtures analyzed in the same gels were: 12 DAF embryo + water-stressed stem (D); 3 DPI cotyledons + heat-shock-stressed stem (E); 12 DAF embryo + heat-shock-stressed stem (F); and water-stressed stem + heat-shock-stressed stem (G). the HSP17.9 antibody, and that is expressed in vegetative tissues of adult sunflower plants in response to water stress (Fig. 6C) . In contrast, and in agreement with the results reported earlier [ 19] , the heat-shock induced proteins (Fig. 6H) clearly differ from the seed-and water-stress-specific polypeptide(s); both in apparent MW (17.9 kDa), and in pI (ca. 5.0).
Although one-dimensional electrophoretical analyses of HSP17.9 proteins yielded similar resuits in developing seeds and in seedlings (Figs.  4A and 5 ), 2D gel analysis demonstrated a higher complexity of homologeous proteins in mature seeds (data not shown), and after germination (Fig. 6A) . Mixing and immunodetection experiments, performed with protein extracts from cotyledons of 3 DPI seedlings, demonstrated the presence during germination of the same seed-(and water stress-) specific polypeptide (Fig. 6E) . This protein was perhaps the most abundant among other homologeous, HSP17.9 crossreacting, polypeptides that were conspicuous after seed imbibition (Fig. 6A) .
Sequence data predict that Ha hspl7.9 encodes a polypeptide with a pI of 8.0. Using antibodies again st H S P 17.9, we failed to detect homologeous proteins with this pI. The most abundant crossreacting protein (arrowed in Fig. 6 ) was considerably more acidic (pI ca. 6). Other, less abundant, more basic, polypeptides were detected with pI reaching ca. 7.5, but only after imbibition (Fig. 6A) . Differences between the predicted and apparent MW and pI of HSP17.9 (discrete increase of MW and acidity) might be due to posttranslational modification of HSP17.9 during seed development.
Immunolocalization of developmentally expressed LMW HSPs
We have used antibodies against HSP17. 6 and HSP17.9 to analyze the organ and tissue localization of these proteins in mature seeds. Tissue print immunostaining showed a similar generalized distribution of LMW HSP proteins recognized by either antibody. The observed LMW HSP distribution in the cotyledon, hypocothyl and radicle of dry seeds (representative results in Fig. 7B , E and G) was comparable in most cases to the histological staining of total protein obtained with Ponceau S. In the embryo, LMW HSPs were localized in the parenchyma, as well as in the pro-vascular tissues (Fig. 7G) . These results are clearly distinct from the tissue-specific localization ofhomologeous, apparently identical polypeptides (see above) in the lateral meristems of water-stressed sunflower plants [ 19] .
Localization of HSP17.6 and HSP17.9 crossreacting proteins in tissues of 3 DPI seedlings matched the results obtained with mature seeds (representative results in Fig. 7H-O) . Both antibodies recognized proteins located in every analyzed organ and tissue (radicle, 7J and 7K; hypocothyl, 7N and 70; cotyledon, identical results as in 7E, data not shown). As observed for mature seeds, immunostaining of prints from seed-487 ling sections with either HSP17.9 ( Fig. 7J and N) , or HSP17.6 ( Fig. 7K and O) antibodies gave results similar to those obtained with Ponceau S. Both antibodies detected LMW HSPs in parenchyma, as well as in provascular tissues. Comparable localization results were obtained with seedlings germinated either in the dark (Fig. 7) , or exposed to the light (data not shown, see methods). Accumulation of pigments in lightgrown seedlings resulted in 'colored' tissue prints from cotyledon and hypocothyl sections. Immunostaining of these prints was possible, but estheticaUy poorer results were obtained because of color interference with used detection procedures [ 19] .
Discussion
Preliminary observations in our laboratory (10) and other groups [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] 29] indicated expression of LMW HSPs during zygotic embryogenesis and seed germination. The results presented in this paper demonstrate differential developmental expression of two distinct families of cytoplasmic proteins. In addition, we propose a functional relationship between this LMW HSP expression and desiccation tolerance.
Developmental expression of cytoplasmic LMW HSPs during sunflower zygotic embryogenesis
Sequence comparison of the predicted amino acid sequences for the proteins encoded by cDNAs Ha hspl7.6 and Ha hspl7.9 (this work) allowed us to assign these proteins (HSP17.6 and HSP17.9) to two distinct families (class I and class II, respectively) of cytoplasmic LMW HSPs [2] . Study of mRNA accumulation during embryogenesis did not reveal substantial differences between these two cDNAs. Ha hsp17.6 [ 10] and Ha hspl7.9 mRNAs (Fig. 3 ) appear quite early (8-10 DAF) and accumulate to become more abundant in mature seeds. However, protein expression patterns, determined using specific antibodies, were very different. HSP17.9 proteins were detected from 12 DAF (Fig. 4A) , roughly in correspondence with mRNA accumulation data (Fig. 3) . In contrast, H S P 17.6 did not appear until 25 DAF (Fig. 4B) . In these experiments we used identical protein samples from embryos dissected from plants grown under conditions that ensure homogeneous, low temperature in all organs [ 19] . The work by Hernandez and Vierling [15] provides evidence comparable to data presented here. In that study, using antibodies against pea HSP18.1 [ 14] and plants grown in a greenhouse, they found abundant accumulation of class I LMW HSPs in mature seeds, but not in developing pods. In their conditions, temperature differences between reproductive organs and leaves would not induce these proteins, unless the threshold temperature for HSP induction were much lower in seeds than in leaves. Thus they suggested that seed accumulation of these LMW HSPs could be developmentally regulated. Our results confirm their suggestions and provide, novel, stronger evidence for developmental expression of class II LMW HSPs. Differential expression of HSP17.6 and HSP17.9 leaves very little margin for alternative explanations to development al expre s sion of both protein s. If H S P 17.6 and HSP17.9 were induced in seeds by temperature differences, those would be quite small in our controlled growth conditions ( < 1-2 °C [ 19] ). In addition, each class of LMW HSPs would have a different induction temperature, or their induction by minor temperature changes would be developmentally regulated. We consider the latter possibilities very unlikely. Our work thus independently cooroborates the recent demonstration of developmental control of Class I and Class II LMW HSPs during pea seed maturation by DeRocher and Vierling [20] . Furthermore, analysis of HSP17.9 proteins from embryos and comparison with homologeous proteins that accumulate in heat-shock-or water-stress-induced vegetative tissue, strengthens our conclusions. The HSP17.9 protein(s) expressed in developing seeds differ in their apparent MW and pI from homologeous peptides synthesized in response to heat shock in vegetative tissues. However, they are very similar, if not identical, to LMW HSPs produced in response to water stress in the same tissues (Fig. 6) . Thus, expression of HSP17.9 proteins, at least, could be induced by the progressive water loss of the embryo during sunflower seed development [28] .
Localization of HSP17.6 and HSP17.9 and their persistence during germination: involvement in desiccation tolerance?
Whereas seed-accumulated HSP17.6 and HSP17.9 mRNAs disappear shortly after imbibition, the proteins persist at high levels in the germinating seedling even after 3 DPI (Figs. 4  and 5 ). Similar disappearance patterns were observed for class I and class II LMW HSPs (Fig. 5) . A recent immunological study by Kruse et al. [29] demonstrated accumulation of plastidlocalized barley HSP26 in 2 DPI seedlings. They assumed that detected HSP26 was synthesized shortly after imbibition from mRNAs which were pre-formed in the embryo [29] . Because of the long life of LMW HSPs [15] , it could be also assumed that proteins accumulated during seed development might endure early germination. In seedlings, HSP17.6 and HSP17.9 proteins were present in the cotyledons and in the embryo axis, being homogeneously distributed in most tissues, as was also observed in mature dry seeds (Fig. 7) . To our knowledge, no similar observations have been reported before for LMW HSPs. Interestingly, high-molecular-weight HSPs detected in mung-bean seeds and seedlings show similar distribution [30] . The temporal and spatial expression patterns of HSP17.6 and HSP17.9 may be important in considering their possible functions. We would like to point out striking similarities between the data presented in this paper and work
